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NOMOGRAPHIC  COLUMN  CHARTS. 


The  charts  collected  in  this  report  have  been  constructed 
at  different  times  since  April,  1920,  but  have  never  before 
been  published  in  a  shape  convenient  for  the  use  of  de¬ 
signers.  Several  similar  charts  are  found  on  pages  299 
to  303  of  “Structural  Analysis  and  Design  of  Airplanes,’ * 
but  they  suffer  from  certain  defects.  The  size  is  too  small 
for  practical  use.  Certain  standard  sizes  of  tubing  are 
omitted  and  certain  sizes  now  no  longer  standard  are 
shown.  In  order  to  get  the  large  tubes  on  the  figure  the 
lines  representing  the  small  tubes  are  confusingly  close 
together.  These  faults  are  eliminated  in  the  set  of  charts 
given  in  this  report. 

The  method  of  using  the  charts  is  explained  by  the  notes 
on  them,  especially  the  chart  for  small  sizes  of  short  col¬ 
umns  of  Specification  10225  steel.  This  chart  can  be 
recognized  by  the  sloping  line  drawn  across  the  chart  and 
sloping  upward  to  the  right.  The  theory  of  their  con¬ 
struction  is  given  in  Lipka’s  “Graphical  and  Mechanical 
Computation,”  Peddle’s  “The  Construction  of  Graphical 
Charts,”  and  d’Ocagne’s  “Traite’  de  Nomographie. ” 
By  means  of  these  charts  it  can  be  very  quickly  determined 
which  one  of  a  number  of  standard  tubes  Bhould  be  used 
for  a  column  when  the  compressive  load,  length,  and 


fixity  of  the  ends  are  known.  Their  use  also  makes  much 
more  certain  the  employment  of  standard  sizes  of  tubes. 
The  following  charts  are  contained  in  this  report: 

1.  Short  columns  (Parabolic  formula  range).  Specifica¬ 

tion  10225.  Carbon  steel  tubing.  Small  size  tubes. 

2.  Short  columns.  Specification  10225.  Tubing.  Large 

size  tubes. 

3.  Short  columns.  Specification  10227.  Alloy  steel  tub¬ 

ing.  Small  size  tubes. 

4.  Short  columns.  Specification  10227.  Tubing.  Large 

size  tubes. 

5.  Long  steel  columns  (Euler  formula  range).  Can  also  be 

used  for  long  columns  of  duralumin. 

6.  Ixrng  spruce  columns. 

Sometime  in  the  future,  when  the  sizes  of  duralumin 
tubing  have  been  standardized  and  a  value  chosen  for  the 
yield  point,  charts  for  short  duralumin  columns  will  be 
added. 

The  charts  for  10227  tubing  are  based  on  a  yield  point 
of  90,000  pounds  per  square  inch  and  can  be  used  only  as 
a  general  guide  for  tubes  in  which  the  yield  point  has 
been  raised  by  a  special  heat  treatment. 
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Ct/aer  Foe  C#e30ht  Steel  ,  s5f>£c/f-/c/?t/oa/  /o,£?s 
pi\3e,ooo-  (j-f\A  For  p/r>  £n<*s  C’/ 

£  -  2&,OOOtOOO*/v  For  Fixed  Ends  C’4 

Points  arc  shown  on  /‘A/s  chor t  For  Csi  Cs2  one/  C  M  3  T  *7  c 
three  points  For  any  one  tube  ore  connected  by  o  so//d  fine. 
Points  For  the  some  ro/ue  of  C  ore  connected  in  order  oF  section 
0/  area,  by  dotted  fines. 

The  tob/e  shows  the  moximum  iength  For  eoch  tube,  tor 
which  the  chart  is  correct,  For  greater  iengths  the  chort  g/ieo 
vo/ues  be/ow  the  oi/owob/e  and  Eu/ers  Formate*  sboa/d  be  used 

Ko-CZlfiZ  fhe 

some  ro/des  of  C  being  used. 

For  tubes  forger  than  $~/6  g  ana  up  to  2 
see  accompanying  chart  for  'Specification 
/0226 


\At/rx.  Lengths 


C*f 


/4.0  /7  / 


/Z.G  fS  t  I  22  2 
/SS  2/9 


2//  29  9  36.4 


206  29.4  360 


20  43.0  60.9  746 


42.6  60/  73  6 


64 6  \  9/6  i/2.0 
64  3  90  6  ///.  O 
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Load  in  Thousand#  of  Lbs. 


Chart  roe  C^eson  $t££l,  Srzc/h/ca t/om  /o.zzs 
P=\s6,000  -  For  Pth  Onto  C-/ 

E  *26,000,000  */&  For  Fixed* Ends  C*4 

Po/nts  are  shown  on  this  chart  for 
Cs /,  C*Ztond  Cm3  The  three  porn  is  for  any  one  tube  ore 
connected  by  a  so/rd  /me .  Po/nts  for  the  same  value  of  C 
\  ore  connected  in  order  of  sectional  area ,  by  dotted 
\  i/nes 

\  V  The  table  shows  the  nnoximum  /enyth  for  each 

^  \  tube ,  for  which  the  chart  rs  correct.  For  greater 

{J\  oj;  \  lengths  the  chart  gives  values  below  the 

K\  \  Ql/owoble  and  Euler's  Formula  should  be  used 

\  \  Pm  the  some  values  of  C  berng  used 


V/“/i 


vivi' 


Max 

Lengths 

Goge 

C-/ 

C-Z 

C-3 

/ 

/e 

S3.  0 

76.0 

91.9 

ie 

S6.S 

0Z.6 

1014 

/6 

6*6 

9/6 

//Z.O 

ii 

6*2 

90.6 

mo 

/ 

7E 

76.  Z 

106.3 

130.1 

sz 

7*0 

104.9 

/zee 

re 

66.6 

/ZZ.A 

160.0 

h 

660 

J20.4 

167.2 

For  tubes  smaller  thorr  -j$  and  down  to  ^  -  22  g, 
see  accompany  mg  chort  for  Specification  I022S. 
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Length  in  Inches 


CHfier  Foe  Allov  Steel  Tubes,,  Specification.  /C£2  7 

F  «  | ~ 90,000  ~  F>  For  P/'n  Enc/s  C“/ 

E  *  30,000,000  /bs  per  sg  in.  For  Fixed  Ends  Cm4 

Po/nts  ore  shown  on  this  chort  for  Cmi,  CMZ,  one /  Cs3.  7~he  three 
points  for  any  one  tube  ore  connected  oy  o  so/ id  //ne.  Po/nts  for  the  some 
vo/ue  of  C  ore  connected,  in  order  of  sect io  no/  area ,  by  dotted  //nee 
The  fob/e  shows  the  maximum  /ength  for  each  tube,  for  which 
the  chart  is  correct.  For  greater  /engths  the  chort  g/ves  yo/ues  befow 
the  o/iowab/e  ond  Eu/er's  Formu/a  shou/d  be  used  P m  *  the  same 
ya/ues  of  * C  ' being  used. 

For  tubes  /arger  toon  /£-/6y  and  up  to  f-f£,sce  o c company  m<j 
chart  for  specification  /Off  7. 


\O.P.\G*o£\ 


Mnx  Lengths] 

-zr-rrzr:  ■  i  ■  -ri 


£lL  \c*e\ c*3\ 

ff  Z04\33.0  37.7 
ZZ  \ 23.9^33.6  4/4  \ 
ZZ  f74  36  6\47S 
eO  Z7.Z  36.e\47F 
,M  26.9  36.0 


30.0 

\43.6\ 

\S3.4 

30.4 

\430\SZ7 

N  \A 
\V\  \  \NA 
v  N\ 
m  \  v\ 

C^v%V  V 

v,m' 


/6 

4/.0 

360 

7/.0 

/£ 

40.6 

70.4 

S73_ 

20 

46.3 

663 

640 

IS 

43.0 

67.6 

03/ 

* 

20 

333 

703 

36.2 
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P  in  Thousands  of  Lbs 
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Chart  for  Alloy  Steel  Tubes.  Spec/f/cat/om  /oez7 

|  P  =  \9OOOO  -§§0r£  (£J  j  A  For  Pin  Ends  C-/ 

IE  -  30,000,000  fbs  per.  sg.  in.  For  Fixed  Ends  C*4 

Points  ore  shown  on  this  chart  tor  C~f.  CmE,  and  C\3 .  The  three 
points  tor  any  one  tube  ore  connected  by  o  so /id  tine.  Points  tor  the 
some  vo/ue  of  C  ore  connected,  /n  order  ot  sec  tiono/  area,  by  dotted 
ij  fines . 

1  The  fob/e  shows  the  maximum  length  for  each  tube,  for  which  the 

1  chart  is  correct.  For  greater  Lengths  the  chart  gives  vo/ues  be/ow  the 
\  allowable  and  Eu/erb  Formu/a  shou/d  be  used .  P*c7r^eE1  the  some 
3  vo/ues  of  C  being  used. 


c7r^eE1  the  some 


X'h? 


/ i A  / 


tf-As 


Max  Lengths 

7oge 

C */  C-E  C-3 

/ 

/ 6 

33.6  47.3  SO 3 

73 

4/0  SO.OT 7.0 

/ 

76 

406  70.4  S7.S 

/S 

40.0  67.0  031 

A 

476  67.4  6EsS 

46.0  66.30/  / 

EO 

36.3  706  962 

64.  7  77.4  94.0 

5b 

53.6  76.  /  93Z 

-fe.9 


For  tubes  5mo//er  thon  4-h  ond  down  to  $-Z2gt  see 
accompanying  chart  for  sped f /cation  /0EZ7. 
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Load  tn  Pounds 

G,  O  vj 

Q  $  £ 


Do  no /  use  for  3  L  3 1 ruts  where  L  <  20  Ife  O 


^  ^  ^  'i. 
1  «  ,  <V> 

A  "‘c  . 

5  'i  *  x> 

$  5.  »  "b 
*  u>)  » 

6  >i 

*  j? 
0>  ^ 

*  ^ 


Moment  of  inertia  /n  /nch  Units 


o  ? 


*  «'  <&_  -ft.  oil.  &  cS^  .&  <&,  **. 

Minor  Hx/s  of  Stondord  Stream/ me  Strut  of  fineness  of  d-  O 

_5l _ »*  >•  *!*  >■  *  >  ».  «fe  fa 


o 

£ 

r\> 

<U) 

Moment  of  inertia  in  /nch  Units  ^ 

Th/s  chart  /s  p/otted  for  C-  /.  When  C>  /  mu/t/p/y  the  ro/ue  of  P  given  on  the  chort  by  C  Js 

Do  Mot  Use  Th/3  Chhpt  when  7S.6fc~  or  73.6  when  c  »/,  /06.Z  when  Cm? ,  /3L £  when  C°3  * 

tn  such  coses  use  the  poraboi/c  formuto  .Pmjf~  z/prfrt]* 

C/3  e  sco/e  I  with  sco/e  R T  or  sca/e  TT  with  sco/e  IS . 

To  find  o/ze  of  3trean?/ine  3frut  when  Fineness,  F  f  *?0  mu/t/p/y  P  by  +-F  and  f/nd  the 
s/ze  strut  from  the  chart  us/ny  the  new  ro/ue  of  P.  or  find  I  from  the  chart  one/ 
mu  if /pity  by  d  tp  and  reod  the  size  strut  opposite  the  new  vo/ue  of  I 


Length  in  inches 


